20 Epidemiological definitions for sepsis have been used to improve disease surveillance 21 and assist in national assessment of sepsis detection and treatment. However, epidemiological 22 definitions are often optimized for retrospective review and alignment of epidemiological and 23 real-time clinical decision support definitions is unknown. This 15-month retrospective 24 observational study involving 43,046 adult patient encounters and 30,973 unique patients 25 compared cohorts captured by the EHR-based Sepsis-1, Sepsis-3, and Duke Adult Sepsis 26 Sepsis-1 13,358 (31) 6.9 (3.9-12.8) 1,031 (8) 3,989 (30) Sepsis-3 7,110 (17) 8.3 (4.5-16.3) 947 (13) 3,201 (45) Duke Adult Sepsis 9,184 (21) 7.3 (4.1-14.6) 936 (10) 3,167 (35) CDC Adult Sepsis Events 3,308 (8) 13.1 (7.3-25.6) 493 (16) 1,789 (54) All Encounters 43,046 (100) 4.0 (2.4-7.0) 1,276 (3) 8,132 (19) Table 1. Case identification and patient outcomes based on different sepsis definition criteria. CDC = Centers for Disease Control Control and Prevention, CI = confidence interval, NPV = negative predictive value, PPV = positive predictive value. 128 129 DISCUSSION 130
definitions. We assessed hospital length of stay, in-hospital mortality, admission to the intensive 27 care unit, and sensitivity and specificity of these definitions compared to the Centers for Disease 28
Control and Prevention epidemiological 'gold-standard' definition. Both Duke Adult Sepsis and 29
Sepsis-3 maintained a high specificity, but the former had higher sensitivity. By directly 30 comparing definitions designed for clinical decision support with an epidemiological disease 31 surveillance tool, this work provides guidance to health systems seeking to implement clinical 32 decision support to improve sepsis management. 33
INTRODUCTION 34
Sepsis is a leading cause of morbidity and mortality in the United States, affecting 1.7 35 million adults and contributing to 250,000 deaths annually. 1 In 2017, a Centers for Disease Control and Prevention (CDC)-funded consortium 47 published a study that used a new definition for sepsis optimized for surveillance that relied on 48 objective clinical data elements abstracted from electronic health records (EHRs). 1 The CDC 49 definition had greater predictive validity in estimating sepsis burden than the use of 50 administrative codes as it was unaffected by underlying biases that may influence coding 51 practices, such as increasing sepsis awareness and financial incentives. 5 52
The CDC definition uses a blood culture order as an initial criterion. Case identification 53 is predicated on four consecutive days of antibiotic administration and signs of organ 54 dysfunction occurring within ±2 days of that blood culture order. As a result, identifying sepsis 55 using the CDC definition is optimized for retrospective disease surveillance and cannot be used 56 to identify cases in real-time. A real-time definition optimized for clinical decision support 57 (CDS) can prompt meaningful clinical action at the moment that criteria for the definition are 58 met. The CDC definition identifies patients up to 4 days after the time at which clinical action is 59 needed. Health systems hoping to employ CDS to improve sepsis detection and treatment must 60 align criteria that drive CDS with validated epidemiology measures such as the CDC definition. 61
The current study involves two analyses. First, cohorts identified by sepsis definitions 62 that can be implemented in real-time are compared across a variety of clinical outcomes. Second, 63 these cohorts are compared to patients identified by the epidemiological CDC definition. The 64 study aims to provide guidance to health systems hoping to implement CDS to improve sepsis 65 management. 66
67

METHODS 68
This was a retrospective observational study of all adult (age ≥18 years) inpatient 69 admissions at a large tertiary-care academic hospital with over 900 inpatient beds. The study was 70 approved by our institutional review board (IRB Pro00080914). Data was obtained over a 15-71 month period, from October 1, 2014 to December 31, 2015. For these encounters, demographic 72 information, comorbidities, vital sign measurements, laboratory results, medication 73 administrations, and admission/discharge/transfer times were extracted from the EHR reporting 74 database Clarity (Epic Systems) using Structured Query Language. 75 76
Definition computation and statistical analysis 77
We used the Hospital Toolkit for Adult Sepsis Surveillance guide to compute cases of 78 previously-validated SIRS 7 and qSOFA 4 criteria. An order for any culture served as a proxy for 80 clinician suspicion for infection to enable the Sepsis-1 and Sepsis-3 definition to be 81 automatically computed from the EHR without manual chart review (see e- Table 1 for further 82 details on implementation). 83
A new definition was also proposed by clinical experts at our local institution. Like other 84 institutions, 8 this resulted from a need to identify a real-time definition that accurately captured 85 patients who could benefit from standard protocolized sepsis care bundles. 9 The definition, 86 termed [name deleted to maintain integrity of review process] Adult Sepsis, is conceptually 87 similar to the Centers for Medicare and Medicaid Services (CMS) definition used to calculate 88 timely delivery of those care bundles. The definition is met when ≥2 SIRS criteria are present, a 89 blood culture is ordered (regardless of result), and ≥1 of the following elements of end-organ 90 dysfunction is present: (1) creatinine >2.0 mg/dL, (2) international normalized ratio >1.5, (3) 91 total bilirubin >2.0 mg/mL, (4) platelets <100 x 10 9 /L, (5) lactate ≥2 mmol/L, or (6) systolic 92 blood pressure <90 mmHg or decrease in systolic blood pressure by >40 mmHg (see e- Table 1  93 for further details). Similar to the EHR-based Sepsis-1 and Sepsis-3 definitions, Duke Adult 94 Sepsis is designed for real-time implementation within clinical decision support. 95
The cohort size, clinical characteristics, and setting of presentation (grouped into 96 emergency department, inpatient wards, and intensive care unit) of each definition cohort were 97 compared using aggregate statistics. Outcomes measured included hospital length of stay (LOS), 98 in-hospital mortality, and rate of admission to the intensive care unit (ICU). Additionally, 99 sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were 100 calculated for each real-time definition using CDC Adult Sepsis Events as the gold standard. A comorbidities can be found in e- Table 2 . The Sepsis-1 cohort was the largest (n=13,358, 31%), 108 followed by the Duke Adult Sepsis cohort (n=9,184, 21%). The CDC Adult Sepsis Events cohort 109 was the most restrictive, capturing only 8% (n=3,308) of total unique encounters. All four sepsis 110 cohorts had greater hospital LOS, in-hospital mortality rates, and ICU admission rates than the 111 average inpatient encounter. Of the four cohorts, Sepsis-1 captured patient encounters with the 112 lowest hospital LOS, mortality rate, and ICU admission rate (6.9 days, 8%, and 30%, 113 respectively). The CDC Adult Sepsis Events cohort had the highest hospital LOS, mortality rate, 114 and ICU admission rate (13.1 days, 16%, and 54%, respectively). In e- Table 3 , we report the 115 distribution by setting of presentation for each definition at our local institution. 116
117
Encounters, n (%)
Hospital length of stay (d), median (IQR)
In-hospital mortality, n (%) Our work has several limitations. First, it is a single-center investigation. Though our 146 inclusion criteria were kept intentionally broad to be most representative of the general hospital 147 population, our findings may not generalize to other study settings. 8 Second, as we sought to 148 identify a sepsis definition that could be automatically computed from discrete elements in the 149 EHR, we did not explore unstructured data (such as text from notes or reports). As technology 150 behind natural language processing improves, future work could investigate the benefit of 151 incorporating unstructured text in sepsis detection. 152
ICU admission, n (%)
As advised by the 2016 sepsis definition framework, 10,14 it is important to understand the 153 tradeoffs of various sepsis definitions. Prior studies evaluated competing CDS definitions, 154
whereas the current study is the first to compare CDS definitions to an epidemiology surveillance 155 definition. Our findings can inform sepsis management and quality improvement programs at 156 sites hoping to align CDS with epidemiology surveillance. Future work will test the Duke Adult 157
Sepsis definition prospectively at our local institution. Ultimately, further research will be required to generalize this approach to other institutions. By sharing our analyses at our local 159 institution, we hope to support other institutions interested in better aligning their sepsis CDS 160 with current epidemiological measures. 161
